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SPECIFICATION 



1 . TITLE OF THE INVENTION 

Method for manufacturing silicon nitride base ceramic 



2. CLAIMS 
What is claimed is: 

1. Amethod for manufacturing silicon nitride base ceramic wherein: 

no less than 80wt% silicon nitride powder, between 0.1 and 10wt% 
powder of an oxide of a Ilia group element, and alumina powder and 
aluminum nitride powder with a mutual molar ratio in the range of 
0 : 5 to 2.0 and together comprising a total mass of 0.1 to 10wt% are 
mixed together; 

this mixed powder is sintered in a non-oxidative atmosphere at a 
temperature between 1600 and I850°C; 

the sintered compact is hot isostatic pressed in a non-oxidative 
atmosphere at a temperature between 1600 and 2000°C and 
densified; and 

the sintered compact is then heat-treated in a non-oxidative 
atmosphere at a temperature between 1 200 and 1 600°C. 



Because silicon nitride base ceramic is excellent in mechanical 
strength, as well as excellent in oxidation resistance and abrasion 
resistance, it is expected to become a new structural material. 

However, because silicon nitride base ceramic has the 
disadvantage of the mechanical strength thereof becoming markedly 
reduced in high temperatures, the application thereof in 
high-temperature components etc. has not been possible. 

Various efforts were thus made in order to improve the 
high-temperature strength of silicon nitride base ceramic. For 
example, a method wherein the grain boundary glass phase does not 
remain by means of using A1 2 0 3 as a sintering agent and adhering it 
to Si 3 N 4 in the final sintered compact, or a method that crystallizes 
the grain boundary glass layer by means of a heat treatment, have 
been proposed. 

However, such conventional high-temperature strength 
improvement methods have the disadvantage of reducing room 
temperature strength in accordance with the reduction of the grain 
boundary glass phase, and it has been difficult to provide silicon 
nitride base ceramic that can stably maintain excellent strength from 
room temperature to high temperatures. 

PROBLEM TO BE RESOLVED BY THE INVENTION 

The present invention has taken such conventional problems into 
consideration, and aims to provide a method for manufacturing 
silicon nitride base ceramic that can stably maintain excellent 
strength from room temperature to high temperatures. 



3. DETAILED DESCRIPTION OF THE INVENTION 



FIELD OF THE INVENTION 

The present invention relates to a method for manu factoring 
silicon nitride base ceramic that has excellent mechanical strength 
from room temperature to high temperatures 
DESCRIPTION OF THE RELATED ART 



MEANS FOR SOLVING THE PROBLEM 

The method for manufacturing silicon nitride base ceramic 
according to the present invention is characterized as follows: no 
less than 80wt% silicon nitride powder, between 0.1 and I0wt% 
powder of an oxide of a Ilia group clement, and alumina powder and 
aluminum nitride powder with a mutual molar ratio in the range of 
0.5 to 2.0 and together comprising a total mass of 0.1 to 10wt% are 
mixed together; this mixed powder is sintered in a non-oxidative 
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atmosphere at a temperature between 1600 and 1850°C; the sintered 
compact is hot isostatic pressed in a non-oxi dative atmosphere at a 
temperature between 1600 and 2000°C and densified; and the 
sintered compact is then heat-treated in a non-oxidative atmosphere 
at a temperature between 1 200 and 1 600°C. 
. 

OPERATION OF THE INVENTION 

The reason the amount of silicon nitride powder is set at no less 
than 80wt% in the method for manufacturing silicon nitride base 
ceramic according to the present invention is because, if it is less 
than 80wt%, the properties of the silicon nitride base ceramic cannot 
be maintained due to a reduction in oxidation resistance and heat 
resistance. 

Although Y 2 0 3 , Ce0 2 , etc. can be used as the oxide of a Ilia 
group element, these have no effect as a sintering agent if the added 
amount thereof is less than 0. 1 wt%, and there is a marked reduction 
in oxidation resistance and high-temperature strength if 10wt% is 
exceeded. 

There are no improvement effects on high-temperature strength if 
the total amount of alumina powder and aluminum nitride powder is 
less than 0.1 wt%, and there is a marked reduction in 
high-temperature strength if 10wt% is exceeded. Further, although it 
is preferable to use equi molar alumina powder and aluminum nitride 
powder, silicon nitride base ceramic with good properties can be 
obtained if the mutual molar ratio thereof is in the range of 0.5 to 2.0. 
Furthermore, desirable effects can be obtained if a polytype 
containing aluminum nitride and silicon oxide is used to stabilize the 
composition. 

In the method according to the present invention, the powder 
mixture containing each of the powders described above is sintered 
in a vacuum or non-oxidative atmosphere such as nitrogen gas or 
argon gas at the typical temperature of between 1 600 and 1850°C for 
30 minutes or longer, preferably for 120 minutes or longer, in order 
to prevent the oxidation of the silicon nitride. The obtained sintered 
compact is then hot isostatic pressed in a non-oxidative atmosphere 
at a temperature between 1600 and 2000°C and densified. The hot 
isostatic pressing is preferably carried out in a nitrogen-containing 
gas with a pressure of lOOatm or higher for 30 minutes or longer. 
Lastly, the densified sintered compact is heat treated in a 
non-oxidative atmosphere at a temperature between 1200 and 
1600°C for preferably 60 minutes or longer, causing the 
undercrystallized grain boundary phase to become crystallized. 

Silicon nitride base ceramic manufactured in this way has a 
vacancy rate of 20% or lower, and exhibits the excellent property of 
a deflection strength of 80kg/mm 2 at room temperature and 
70kg/mm 2 at high temperatures (1200°C). 



WORKING EXAMPLES 
Working Example 1 

Y 2 0 3 , Ce0 2 or Gd 2 0 3 powder (purity: 99.9%; average particle 
diameter: 0.5um) as the II la group element oxide, a-AI 2 0 3 powder 
(average particle diameter: 0.5 urn) and A1N powder (purity: 99%; 



average particle diameter: l.Oum) were added to a-Si 3 N 4 powder 
(average particle diameter: 0.5um) in the formulations shown in 
Table 1, and then mixed together with a pole mill for 3 days. 

The mixed powder was then sintered in nitrogen gas at 4atm for 2 
hours at a temperature of 1800°C. The obtained sintered compact 
was then further hot isostatic pressed in nitrogen gas at lOOOatm for 
1 hour at a temperature of 1800°C, then heat-treated in nitrogen gas 
for 1 0 hours at a temperature of 1 400°C. 

The density (%) and flexural strength (kg/mm 2 ) of the obtained 
Si 3 N4 base ceramic at room temperature and at high temperatures 
(1200°C) were measured, the results of which are shown in Table 1. 



Table 1 



Sam- 


Added substances (wt%) 


Dens- 


Strength 


ple 


Y 2 0 3 


etc. 


A1 2 0 3 


A1N 


ity(%) 


Room 


1200 


No. 












temp. 


°C 


1 


Y 2 0 3 


5.0 


5.0 


2.1 


99 


100 


90 


2* 


Y 2 0 3 


15.0 


5.0 


2.1 


99 


90 


40 


3* 


Y 2 0 3 


5.0 


15.0 


6.3 


97 


85 


45 


4* 


Y 2 0 3 


5.0 


5.0 


0 


99 


110 


35 


5* 


Y 2 0 3 


5.0 


5.0 


5.0 


96 


55 . 


40 


6 


Y 2 0, 


2.0 


5.0 


2.1 


99 


115 


85 


7 




5.0 . 


5.0 


2.1 . 


99 


110 


95 


8 


Ce0 2 


5.0 


5.0 


2.1 


99 


110 


90 



Note: * indicates a comparative example 



Working Example 2 

Sample No. I from Table i was sintered, hot isostatic pressed 
(HIP), and heat-treated under the various conditions shown in Table 
2. The quality of each sintered compact after heat treatment was 
measured in the same manner used for working example 1, the 
results of which are shown in Table 2. 



Table 2 



Sam- 


Treatment conditions 


Dens- 


Strength 


ple 


Sintering 


HIP 


Heat 


ity 


Room 


1200 


No. 


( 0 Cxh*atm) 


(°Cxhx a tm) 


treat- 


(%) 


temp. 


°C 








ment 














(°Cxh) 








10* 


1800x1x4 


1800x1x1000 


None 


99 


105 


45 


11* 


1800^1x4 


1800x1x1000 


1100x10 


99 


100 


40 


12* 


1800x1x4 


1800x1x1000 


1650x10 


98 


85 


35 


13 


1800x1x4 


1800x1x1000 


1400x2 


99 


120 


85 


14 


1700x1x4 


1800x1x1000 


1400x10 


99 


110 


85 


15* 


1550x1x4 


1800x1x1000 


1400x10 


94 


60 


40 


16* 


1900x1x4 


1800x1x1000 


1400^10 


96 


65 


50 


17* 


1800x1x4 . 


1550x1x1000 


1400x10 


97 


75 


50 


18 


1800x1x4 


1800x1x200 


1400x10 


99 


105 


75 


19 


' 1800x1x4 


1800x1x200 


1250x10 


99 


100 


85 



Note: * indicates a comparative example 



EFFECT OF THE INVENTION 

According to the present invention, silicon nitride base ceramic 
that can stably maintain excellent strength from room temperature to 
high temperatures can be provided. 
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AMENDMENT OF PROCEEDINGS 

24 August 1987 
Director-General of the Patent Office: Kunio OGAWA 

1. Case identification 

1986 Patent Application 285689 

2. Title of the invention 

Method for manufacturing silicon nitride base ceramic 

3. Person filing amendment 

Relationship to case: Patent applicant 

Name or appellation: Sumitomo Electric Industries, Ltd. (213) 

Address: 5-15 Kitahama, Higashi-ku, Osaka-shi, Osaka-fii, Japan 

4. Representative 

Name: Katsunari NAKAMURA, Patent Attorney (6177) (and 1 
other) 

Address: 1-12-15 Shinjuku, Shinjuku-ku, Tokyo, Japan (Shinjuku 
Toyo Building) 
Telephone: 356-0775 

5 . Date of amendment directive 

6. Number of inventions added by the amendment 

7. Parts amended 

Detailed Description of the Invention in the Specification 

8. Content of the amendment 

In the fourth paragraph of Operation of the Invention, the following 
is to.be added after "The hot isostatic pressing is preferably carried 
out in a nitrogen-containing gas with a pressure of 1 00 or higher for 
30 minutes or longer." 

"Densification of the present composition is difficult if hot isostatic 
pressing is not carried out, and hot isostatic pressing is an essential 
requirement of the present invention." 



S * B 4* » n (JP) 



© # m m $ h 



©Int. a. 4 

C 04 B 35/58 



10 2 



J -7158-4G 



(a) 0H63- 139057 

@&H Bfil63^(1988) 6 Jf 10B 



©as-- n a 
®« m a 



P PS61- 285689 
©ffi P Pg61(1986)lU?28B 

= % n •& «wiWi&fflWfciTii*if. 



99 Jffi § 

1. % 99 <0 « & 

2. <f?l i Ff8:£<0$SB 

U) 8 0£ii6ttJ:Ogftt'(.i»St> 0. l 
~ l 0 Ji * OIi SIS IS? © Sfk b x.. £ ft 

f 4'>0. 1 — 1 0 £S« t-H'O^A-iti! 0.5—2.0 

* h * « # L s COiB^»5(c%*aftftSaa* 
Ktel't 1 6 0 0 ~ 1 8 5 0 CtSgU, & i!£ # # 
$ ffc £ a St * K is V' X 1 6 0 0-2 0 0 0 CTJftH 

fie fc^-c 1200-1600 c-eiftj&ati c t 

& o 

61 -f Q . 



£ ffc > 4 SI S -fe 7 * «tfc»*EtfflEft 

Ud-bx gffc^^f ^It 7 $ * ^ * ft % U K ** 
il S a5 # S O ^ ^ K it 15 S t* l^r o t « 

x cx-s s ft ^ >f 5g a h= 7 $ y * * © m u si e 

ic J: 0 ISA fk-f * :&fe#tfSl38$ix-cv*©. 
t-3ft»SK, c © J: 0 fr«*© XfilKft.lS£ 

y^^Sftts: t ft B B "C i o fc , 



-305- 



§ &3 t "t ft e 

*&B©8fk**-f£'fi-k7 5 ***©«a35fe' 

Jlv 8 oitf«ioaft^^*»*t. 0.1- 

# 0. 1 — 1 0 £ 4 56 -C S V,^ © « ^ jfc ^ o. 5 — 2. 0 
OSgaFjOT/fS © 3fc & g fk t -^ $ ^ * a # 

ica?v^ i6oo-i85o t-eaeu, 

& fb & £ K g * *c *? t 16OO-2000 c M T4 
#*e/ v * L-tga&fkL* *o«#atft.ttSH 
*c i^-t 1200-1600 c-csjaif 5Ci 
t "f ft . 

C f* fl 3 

tefc^-c v SftM 8 0fi^±tt 

og^fi, 8 o as* *mx-k±m&{t&Rz?m& 



*IB8 8363-139057(2) 

# & « # X- t fc d» 5> -e ft . 

ffl a^TC^OKffc^t fClt^ Y 2 0 5 r Ce0 2 « 

^f^tt^s * © #a 4 A* 0. 1 ft ft £ £ ft -C 
* « » JH i L "C © » * fc < * 1 Olf 

* K Ttf* LV. 
7* i *-»*&tf£fk7*'$ ^ 

ft** 5 0. 1 a* **tt-ci*s*BK©9t«ttft0 
& < , 1 oft4#*aA.ofc»fiaac* i *L<(s 

T -f ft o TA-^^^^tg ffc 7 *> i - $> a 

H * * juft T*« ^ ft © &m *. L l^tf. SV^ 

© ■=& ^ # * o. 5 - 2. 0 o«Hrt-e*»Krt&»tc4S 

ttOgft^>(iSH:7 * ? * * J&* » 5> * ft . Jg fcx 
a fk 7 A, $ = ? A fc fCSft^^ttf Ifcrf? 

Li^»*d»» ?>ix ft . 

*SBWO35ft"0i4 % ± 15 Lfc#»*4rfi£ L 
«*»**«fk***©*ft*WCfc*»cX2, 

a £ <r x x t ^ ^ if * & ir © ft k ft ft gt a % 

Hfcl^l^Ort < 1600-1 8S0t:t' 3 0# 

&Jb> ffiKtti 2 o^J&U:*!*-}-*. 9 b fx 



fcftft#«#iftes ia-ei6oo-2ooo c-e 

»IH&*E7 p **L-T:&*fk-rft. Jfc K * * EE ^ 
***** L < 1 00 ^Efe(J:OSItt^ 

* -e 3 0 fr&±^tz 5 . it&K, 

#KfkS^S^^JCfc^-C 1 200 — 1600 t -c # 
t L < 6 0 ^^lOjfejflgtt^ CUJtO, 

«f a fk o a k/c a » "« a* fe &fk $ n ft . 

itaiS4 5 2^«Tti^t, » ® -e © ««a« 
8 0 jy. jr &tfxa (1200c) t»©.ft9r9t 

g m n 1 

SiSMk* t Lt Y 2 0 5 . Ce0 2 X*t Gd 2 0 5 » 5fe C M 
19 9.9 ^ f^fi§0. 5 /tin) ^ a M AZ 2 0 3 
» * ( ¥ ^ & S 0. 5 *m ) & A£N » * ( « K" 9 9 
56, f^fiiLO/unJ^SlglCS 1"E^-CS*D. 
L , B TbI S L fc o 

^ ^ ^ ^ 4 ^ E O I ^ a ^ f 1 8 0 0 C t 2 



.*IBtt«Lfc. »5>ixte»»#%JEfc 1000EE. 

oai^^tuisoocti as n © & n 9 * e t° 

* * * fr *»ca*ir^t'H:itf^t 1400c 

■C 1 0 B*Mtt»3 L-fc o 

URTfMU ( 1 2 0 0 C) -C- O ffi If Sft K (ky/ ra 2 ) % 





8§ 


trp %j ( 


wt*) 








Na 


Y 2 0 5 




A4N 


C#) 




1200TC 


1 


Y 2 0 5 


5.0 


5.0 


2.1 


99 


100 


90 


2* 




15.0 


5.0 


2.1 


99 


90 


40 


3* 




5.0 


1 5.0 


6.3 


9 7 


85 


4 5 


4* 




5.0 


5.0 


0 


99 


110 


35 


5* 




5.0 


5.0 


5.0 


9 6 


55 


40 


6 




2.0 


5.0 


2.1 


99 


115 


85 


7 


Gd 2 03 


5.0 


5.0 


2.1 


9 9 


no 


95 


8 


Ce0 2 


5.0 


5.0 


2.1 


99 


no 


90 



g jt fflJ 2 

ft -e ^ * is x ffe TbI » 7k E 7° * * ( H I P ) 



i ®&Km£.\*tm 2 m.K z^xwiftLfc . 

S2S 



i 

! Nq 




S * ft 




s 




tt ft 

(OChXatm) 


H I P 
(OChXatra] 


(tXh ) 


(SO 




1200T: 


10* 


1800X1X4 


1800X1X1000 


fc U 


ft Q 

99 




4 D 


11* 






1100X10 


99 


100 


40 


12* 


# 




1650X10 


98 


85 


35 


13 


• 




1400X2 


99 


120 


85 


14 


1700X1X4 




1400X10 


99 


110 


85 


15* 


1550X1X4 




# 


94 


60 


40 


16* 


1900X1X4 






96 


65 


50 


17* 


1800X1X4 


1550X1X1000 


# 


97. 


. 75 


50 


18 


t 


1800X1 X200 


r 


99 


105 


75 


19 

i 


t 


r 


1250X10 


99 


100 


85 



ca) * 9 Jfc « « *> * • 



»HW 63-139057 (3) 

* a » e * 

BS ft 62 * 8 ^ 24 h 

«* » Jr St * ill ^ £ « 

L V ft © £ ft 

IB ft 6 1 ^ # ft H ST 2 8 5 6 8 9 * 

ft" 0S*0 (2 1 3) . ft 3t'« % II * & 



4. ft 



ft « 



3&£tt5Sr?lE3r7g 1 Ti 12 - 15 

(6 17 7) #I± * tt i'#Bl 



8. HIEOPJS 




ft s s t s o n m ra » * ee r u * « * m & g © 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

p. IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



